In two experiments, the effects of dietary fat and breeder hen age on relative yolk sac weight (RYSW) and total serum cholesterol (CHOL), high (HDLC) and low (LDLC) density lipoprotein cholesterol, triglycerides (TRI), and glucose (GLU) were monitored in broiler embryos and chicks. In Experiment 1, embryos at 18 d of incubation and chicks at hatch were sampled from eggs laid by breeder hens at 26 (young), 36, and 48 wk of age. No dietary effects were noted in either experiment; however, chicks from young hens exhibited elevated serum CHOL, HDLC, LDLC, and lower GLU when compared with chicks from hens at either 36 or 48 wk of age. Additionally, embryos from young breeders displayed a lower RYSW at 18 d of incubation. Conversely, by hatch there was no difference in RYSW
INTRODUCTION
Chick mortality during the first 2 wk of life remains a problem for the broiler industry (Daly and Peterson, 1990) ; however, the mechanisms behind many of the probable causes for these mortalities have not been entirely elucidated. McNaughton et al. (1978) suggested that a higher incidence of mortality is found in chicks hatched from 29-wk-old breeder hens than from chicks hatched from 58-wk-old breeder hens. Tullett and Noble (1989) have reported that low hatchability is associated with a considerable reduction in yolk lipid transfer. This incomplete transfer may deny the embryo access to among offspring from different aged hens. In Experiment 2, newly hatched chicks were sampled from breeder hens at 36, 51, and 64 wk of age. Dietary effects were also not evident in this experiment; however, chicks from 51-wk-old breeders displayed the highest and lowest serum HDLC and TRI, respectively, compared to the other two age groups, whereas chicks from either 51-or 64-wk-old breeders exhibited higher levels of CHOL than those at 36 wk. Chicks from 64-wk-old breeders displayed an increase in LDLC when compared with the other two ages. These data suggest that serum concentrations of lipids and GLU, and RYSW in 18 d embryos and newly hatched chicks are influenced by hen age and not by added dietary fat.
1996 Poultry Science 75:695-701 major nutrients. Tullet and Noble (1989) also indicated that during the last week of incubation, yolks from young hens had a significantly higher proportion of triglycerides (TRI) and a lower proportion of phospholipids and free cholesterol than eggs from older hens. These authors have also stated that lower embryonic weights relative to the whole egg are observed in eggs from younger hens than in eggs from older hens. Defects in transfer of nutrients from the yolk to the embryo in addition to those from the hen to the yolk are indicated by these data.
Added fat in hen diets is known to influence yolk fatty acids and, in a recent study, it was shown that concentrations of certain yolk fatty acids may change with hen age and may alter embryonic metabolism (Latour et al, 1994b) . The amount of lipid material used by the developing embryo is extensive during the last week of incubation (Noble and Cocchi, 1990) . Despite the extensive mobilization of yolk contents during incubation, a large proportion remains unused at hatch and becomes sequestered into the body cavity and under appropriate conditions is utilized by 5 d posthatch (Latour et ah, 1994a) . Following hatch and through 5 d of age serum lipid and lipoprotein patterns of neonatal chicks undergo rapid and marked changes before they become stable (Latour et al, 1995) . These {Key words : age, chick, lipids, lipoproteins, cholesterol) changes are important to consider before metabolic transformations in the neonatal chick are understood.
Objectives of the present study were to investigate the effects of breeder hen age and added dietary fat on circulating concentrations of TRI, high (HDLC) and low (LDLC) density lipoprotein cholesterol, total cholesterol (CHOL), glucose (GLU), and relative yolk sac weight (RYSW) in broiler embryos and chicks. Although normal physiological concentrations of these constituents have been reported in broilers at specific age periods, information regarding age-related changes (i.e., influence of parent age) and the effects of added dietary fat on these constituents are limited.
MATERIALS AND METHODS

General
In both experiments, male and female broiler breeder chicks were obtained from Arbor Acres Farms, Inc. and were raised by standard husbandry practices in a blackout curtain-sided pullet house. Males were grown separately from females during the first 3 wk. Chicks were provided continuous lighting through 3 d of age. On Day 4 and extending through Week 18, birds received a 8 h light (L): 16 h of dark (D) cycle. Between 18 and 22 wk, birds received a 10L:14D cycle. Diets were fed to meet BW recommendations suggested by the primary breeder company. During Week 22, breeders were moved to a 24-pen curtain-sided breeder house. Each pen (measuring 2.9 m x 3 m), providing a total of 8.7 m 2 of floor space per pen, was equipped with plastic elevated slats coving 3.72 m 2 of the pen area. Pine shavings covered the remaining 4.98 m 2 of the pen floor. Slats were elevated 76.2 cm above the litter surface. During the light periods, each pen was illuminated with one 90-W incandescent light bulb. Twenty hens having similar BW and four males were assigned to each pen. Females were fed on slats using an industry standard male-excluding trough and grill. Males were fed on the pen floor using a tube feeder, which was elevated to male neck height. Water was supplied by one bell drinker per pen. Males were housed 2 d before females to allow males more time to adjust to their feeders. A 2-tier, 10-hole nest box unit was provided in each pen. Each treatment group of hens was limited to a specific treatment diet, whereas all males were fed a common diet. Dietary treatments for females began at Week 22 and were accompanied by a photoperiod change to a 15.5L:8.5D cycle to initiate lay.
Feed rations were adjusted weekly for mortality, and to maintain recommended BW gains. Five-day increases in feed began before lay so that feed rations were adjusted from 11.25 kg per 100 birds at housing to 14.09 kg per 100 birds at initiation of lay. After lay was initiated, feed rations were given according to hen-day egg production. These increases were predetermined so that the maximum daily allowance was achieved by 50% hen-day egg production. This schedule was achieved by issuing the remaining allotment of feed in equal increments at each 10% production interval to reach the maximum of 15.9 kg per 100 birds per d.
Experiment 1
Breeder hens (n = 480) and males (n = 96) were equally and randomly assigned to one of 24 pens (six dietary treatments and four replications) at 22 wk of age. Time of breeder housing was in early summer (beginning of June), when the mean environmental temperature was 23.9 C and natural day length provided a 14L:10D cycle. At 26 (July), 36 (September), and 48 (December) wk, mean environmental temperatures were 27.4, 21.0, and 8.7 C, respectively. Hens were limit-fed one of six basal cornsoybean mash diets (Table 1) . Diets were nonisocaloric and nonisonitrogenous. All six diets were formulated to meet or exceed NRC (1987) recommendations. Diets 1 and 3 contained 3% added poultry fat, Diet 5 contained 1.5% added poultry fat, Diet 6 contained 3% added corn oil, and Diets 2 and 4 served as no added fat controls. In a separate study using these same birds, contrast analysis showed that higher energy diets increased BW in the flock; however, performance data on these hens showed that egg weight, egg production, yolk fatty acid composition, and percentage hatch of fertile eggs were unaffected by diet at Weeks 27,36, and 48 (Link et al, 1994) . Eggs (18 per pen) from hens at 26 (young), 36, and 48 wk of age were collected and incubated. Embryos at 18 d of incubation, and chicks at hatch (HC) were examined for serum TRI, CHOL, HDLC, LDLC, and RYSW. Relative yolk sac weight was determined as the wet weight of the yolk sac plus contents in grams divided by the BW in grams times 100. Embryos and HC were weighed and sampled between 0800 and 1000 h on each sampling day.
Experiment 2
Breeder hens (n = 240) and males (n = 48) were equally and randomly assigned to one of 12 pens (3 dietary treatments and 4 replications) at 22 wk of age. Time of breeder housing was in midwinter (end of January), when the mean environmental temperature was 12.2 C and natural day length provided a 10.5L:13.5D cycle. At 36 (April), 51 (August), and 64 (November) wk, mean environmental temperatures were 19.2, 25.9, and 16.5 C, respectively. Hens were limit-fed one of three basal diets (Table 2 ). All three diets were isocaloric and isonitrogenous, and were formulated to meet or exceed NRC (1987) recommendations. Diets 1,2, and 3 contained 3% added corn oil, poultry fat and lard, respectively. In a separate study, using these same birds, BW, egg production, and percentage hatch of fertile eggs were unaffected by dietary treatment, and only egg weight was decreased by the 3% CO diet at Weeks 36, 51, and 64 (Link et al., 1994) . Once lay was initiated, eggs (18 per pen) were collected from breeder hens at 36, 51 and 64 (old) wk of age, and then incubated. At hatch, chicks were examined for TRI, CHOL, HDLC, LDLC, and RYSW. 
Blood Collection
In Experiment 1, nine 18-d embryos were removed from the incubator. Embryos were broken out of the shell and bled from the jugular vein into nonheparinized tubes. In both experiments, nine HC were removed from the hatcher at Day 21 and bled similarly to 18 d embryos in Experiment 1. For both experiments, serum samples were recovered after 5 min of centrifugation. Samples were then stored at 4 C before subsequent analysis. Measurements of TRI, CHOL, HDLC, and GLU were performed on an Ektachem DT-60 analyzer 6 according to the procedures of Elliot (1984) . Each test was performed by dispensing 10 /iL of serum onto a new Kodak Ektachem slide. A specific slide was also used for each type of test. The test was photometric and measured the change in absorbance that was proportional to the concentration. To ensure precision, the optics were tested and calibrated against known standards before and after each assay. The concentration of serum GLU was based on the enzyme catalyzed reaction of GLU with molecular oxygen, followed by a second reaction that produced a highly specific color on the slide. The change in intensity, when compared to known values, represented a relative concentration. 6 Eastman Kodak Co., Rochester, NY 14619.
Serum TRI was based on hydrolysis through lipase activity. Again, the proportional change in intensity represented a relative concentration. After dispensing 10 piL of serum onto a slide specific for CHOL, surfactants disrupted the lipoproteins so that their contents were released. Once the contents were released, CHOL esters were hydrolyzed to free CHOL that allowed a specific color change proportional to the amount of CHOL present in the sample. High density lipoprotein CHOL concentrations were quantified by dispensing 10 pL of serum onto a slide covered with dextran sulfate and magnesium chloride to precipitate LDLC and VLDLC. The remaining CHOL was measured as HDLC. The concentration of LDLC was estimated as the difference between CHOL and the combined concentrations of HDLC and TRI divided by five (Friedewald et al., 1972) .
Statistical Analysis
In Experiment 1, changes in serum constituents from embryos (18 d of incubation) and newly hatched chicks were analyzed using ANOVA for a split-split-plot design with hen diet as the whole-plot factor, week of hen age as the subplot factor, and day of incubation as the subsubplot factor. In Experiment 2, the experimental units were arranged in a completely randomized design. Serum constituents and RYSW were analyzed by ANOVA for a split-plot design with hen diet as the whole-plot factor and week as the subplot factor. In both experiments, this analysis allowed the testing of all possible interactions. When interactions were found, means were separated by Fisher's Protected Least Significant Difference (Steel and Torrie, 1980) . All data were analyzed using the General Linear Models procedure of SAS® (SAS Institute, 1993) . Statements of significance were based on P < 0.05 unless otherwise noted.
RESULTS
In Experiment 1, the addition of fat to the breeder hen diet had no significant affect on embryo or chick serum constituents or RYSW. However, there were day of incubation (i.e v 18 d and hatch) by breeder hen age (26, 36, or 48 wk) interactions for serum CHOL, HDLC, LDLC, and GLU. Hatched chicks exhibited higher serum CHOL, HDLC, and GLU than 18 d embryos at every breeder hen age sampling period, but LDLC was only highest in newly hatched chicks when compared to embryos from 26-wk-old hens (Table 3) . Upon hatching, chicks from 26-wk-old hens exhibited elevated CHOL, HDLC, and LDLC when compared with chicks from hens at 36 or 48 wk of age. Conversely, serum GLU was lower in newly hatched chicks from 26-wk-old hens when compared with chicks from 36-or 48-wk-old hens.
Embryo RYSW was also affected by the interaction of breeder hen age and day of incubation. Day 18 embryos exhibited the greatest RYSW at every week of hen age when compared to newly hatched chicks (Table 4) . Embryos from 36-wk-old hens displayed the highest RYSW when compared with embryos from 26-wk-old hens, with 48 being intermediate and not different from the other two periods.
In Experiment 2, the addition of added dietary fat during the postpeak production period had no significant effect on serum constituents or RYSW. As in Experiment 1, there were differences noted in serum constituents and RYSW attributable to hen age. Hatched chicks from 51-wk-old breeders had lower concentrations of TRI than chicks from hens at 36 or 64 wk of age (Table 5) . Chicks from breeder hens at either 51 or 64 wk of age had higher serum CHOL than chicks from 36-wk-old hens (Table 5) . Serum HDLC was also higher in chicks from 51-wk-old hens than chicks from 36-wk-old hens, with chicks from 64-wk-old hens being intermediate, but not significantly different from either of the other groups. Serum LDLC reached its highest value in newly hatched chicks from breeder hens at 64 wk of age (Table 5) . Relative yolk sac weight (wet weight of yolk sac plus contents in grams/BW in grams concentrations of cholesterol (CHOL), high (HDL) and low (LDL) density lipoproteins, and glucose (GLU) as  affected by the interaction of day of incubation (18 d or hatch) by breeder hen age (26, 36, or 48 wk) -"Means within a row for each variable with no common superscript differ significantly (P < 0.05). "-yMeans within a column for each variable with no common superscript differ significantly (P < 0.05).
J SEM based on pooled estimate of variance.
2 Least Significant Difference is adjusted for comparing any two means.
times 100 ± SEM) was also affected by hen age. Chicks from hens at 36 wk displayed elevated RYSW (12.81 ± 1.55) when compared to chicks from hens at 51 wk of age (10.45 ± 1.55), whereas RYSW at 64 wk (12.50 ± 1.55) was not different from any other week.
DISCUSSION
During the first 13 d of incubation, the net lipid loss from a 60-g egg is between 200 to 300 mg, and between 13 and 15 d of incubation, there is the loss of another 200 mg. However, between 15 and 21 d, the loss of lipid constituents increases considerably, such that nearly 1 g/d is removed during the final 2 d of incubation (Noble and Cocchi, 1990) . The observed increases in serum CHOL, HDLC, LDLC, and GLU at hatch in Experiment 1 would be expected, as there is an extensive mobilization of yolk constituents during this period of development, leading to increases of these constituents in circulation.
In Experiment 1, added fat in hen diets did not affect any of the serum lipids measured in the embryo or a -"Means within a row for each variable with no common superscript differ significantly (P < 0.05).
"-yMeans within a column for each variance with no common superscript differ significantly (P < 0.05).
!SEM based on pooled estimate of variance.
newly hatched chick. However, notable differences occurred in serum constituents of hatched chicks due to hen age; that is, the lipid constituents were elevated in chicks from young hens. Normal yolk lipid transfer during the last week of incubation is accompanied by a large accumulation of lipid within the liver of embryos (Noble and Moore, 1964) . However, biochemical and morphological evidence suggest that liver lipids in embryos from young hens are absorbed less efficiently than in embryos from mature hens (Noble and Cocchi, 1990) . The observed changes suggest that many of the physiological and biochemical processes function differently in embryos from parents of different ages. In mature vertebrates, triacylglycerol-rich lipoproteins from dietary or hepatic sources are processed by the action of lipoprotein lipase (LPL) (Bensadoun and Kompiang, 1979) . Speake et al. (1993) have demonstrated that between Days 12 and 16, the activity of LPL per adipose tissue depot increases 20-fold. However, they suggested that just prior to hatching, the activity of the enzyme per depot decreased 45%. It is clear that during hatching the enzymology of the chick undergoes striking changes (Moog, 1958) . These changes might lead to increases in circulating lipids at this time. The increase in circulating lipoproteins from hatched chicks of young hens may have resulted from a somewhat similar mechanism described previously; that is, the activity of LPL may have been naturally lower in chicks from younger hens and may have been exacerbated by decreases in LPL activity just prior to hatching as a shift in the metabolism from the embryo to the HC is occurring. Therefore, if lipid assimilation from the yolk continued through hatch, while LPL activity was decreasing, and the liver would not readily accept incoming lipid constituents, the relative concentrations of the lipids would be expected to increase in circulation. Hen-age-related differences in chick metabolism may be further evidenced by changes in rate of uptake. Embryos at 18 d of incubation from 36-wk-old hens had the highest RYSW, followed by 48-and 26-wk-old hens; however, by hatch, there were no differences in RYSW between the different aged hens. A greater percentage of yolk material was apparently used by time of hatch by chicks from 36-wk-old hens than by newly hatched chicks from 26-wk-old hens; thereby, demonstrating that chicks from young parents utilize lipids less efficiently than those from mature hens. However, the fatty acid composition of the embryo can vary from what is observed in the yolk. It has been found that the fatty acid composition of embryonic lipids were more saturated than the composition of lipids in the yolk (Donaldson, 1964) , due to a higher rate of fatty acid saturation in embryonic tissues (Donaldson, 1981) .
In Experiment 2, the addition of different types of fat in the breeder hen diet during the postpeak period did not affect any serum constituent measured in the chick after hatching; however, there were differences in serum constituents that were attributable to hen age. The effects of breeder hen age on serum constituents in newly hatched chicks have received very little attention. In a recent study, Daly and Peterson (1990) showed that GLU and TRI were higher in chicks from 60-wk-old hens than in chicks from 27-wk-old hens. However, when these authors calculated these constituents relative to chick body weight, there were no apparent differences. It was concluded, that as body mass increases, so do GLU and TRI. In the present experiment, serum lipids of HC were higher during the latter half of the production period when compared with chicks from 36-wk-old hens. This would coincide with the period when chicks are much larger than those from 36-wk-old hens. Fluctuation in GLU or specific fatty acids with age may influence other lipids. This is suggested by Donaldson and Mueller (1971) , who showed that livers cultured in the presence of GLU desaturate more labeled stearate than do livers cultured in the presence of other fatty acids. However, the reasons for increased serum lipid concentrations with increasing body mass are unclear.
In Experiment 1, differences in serum lipids were most notable in chicks from young hens than in those from hens near peak egg production; and, in Experiment 2, serum lipids tended to be higher in chicks from hens at the end of the production period than in chicks from hens at peak production. In summary, these experiments demonstrate that serum lipids and yolk retention in chicks are influenced by breeder hen age and may be associated with alterations in other associated physiological and molecular processes. These data would imply that many of the physiological processes that occur in chick neonates may be directly related to parent age and might directly influence liveability during the early growth period.
